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[57] ABSTRACT

A differential amplifier circuit includes a pair of differ-
ential input signal terminals, first and second current
output terminals, a first transistor whose collector is
connected to the first current output terminal, a second
transistor whose collector is connected to the second
current output terminal, a third transistor whose collec-
tor and base are respectively connected to the emitter of
the first transistor and the emitter of the second transis-
tor, a fourth transistor whose collector and base are
respectively connected to the emitter of the second
transistor and the emitter of the first transistor, first and
second resistors, and a constant current source circuit
connected to the emitters of the third and fourth transis-
tors via the first and seond resistors. Furthermore, the
differential amplifier circuit includes first and second
emitter followers, the input terminals of which are re-
spectively connected to the pair of differential input
signal terminals, and the output terminals of which are
respectively connected to the bases of the first and
second transistors.

10 Claims, 4 Drawing Sheets
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1
DIFFERENTIAL AMPLIFIER CIRCUIT

BACKGROUND OF THE INVENTION

The present invention relates to a differential ampli-
fier circuit having integrated bipolar transistors.

Various conventional differential amplifier circuits
formed of bipolar transistors are known. FIG. 1 shows
a differential amplifier circuit of this type. This differen-
tial amplifier circuit includes a differential pair of NPN
transistors Q1 and Q2 whose bases are respectively
connected to a pair of differential input terminals 41 and
42, and whose collectors are respectively connected to
current output terminals 43 and 44. The emitters of
transistors Q1 and Q2 are respectively connected to the
collectors of NPN transistors Q3 and Q4, whose emit-
ters are connected to constant current source 45 via
resistors RE1 and RE2. The collector and base of tran-
sistor Q3 are respectively connected to the base and
collector of transistor Q4. Resistors RE1 and RE2 each
have resistance RE.

In the differential amplifier circuit with the above
arrangement, when a voltage difference between differ-
ential input terminals 41 and 42 is O, current I1 flowing
through transistors Q1 and Q3 is equal to current I2
flowing through transistors Q2 and Q4, and the current
value is 4 constant current IE. In a low input signal
range, 1f voltage difference V;, between differential
input terminals 41 and 42 is increased, input current 1B1
of input terminal 41 and base current IB4 of transistor
Q4 are increased. As a result, collector current IC2 of
transistor Q2 is increased, while collector current ICl of
transistor Q1 is decreased, thereby obtaining input/out-
put characteristics as shown in FIG. 2. Accordingly,
input resistance R;, of the differential amplifier circuit
becomes negative, and its value is determined by resis-
tors RE1 and RE2 of the emitter circuit formed of input
transistors Q1 and Q2 and current amplification factor
hrg thereof, as follows:

Riy=—hrEXRE (D)
If hFr=100 and RE1=RE2="Q, R;;= —2 k(.

As shown in FIG. 3, when signal source 61 having
positive signal source resistance R;is connected to dif-
ferential amplifier circuit 62 having negative input resis-

tance Ry, if a signal source voltage and an input voltage

of differential amplifier 62 are represented by V; and
Vin, respectively, transfer characteristics can be repre-
sented by a resistance division of Rsand R;,, as follows:

Vin/ Vs=Rin/(Rs+ Ripn) (2)

If R; of equation (2) is constant, the relationship be-
tween R;, and the transfer characteristics can be repre-
sented by a graph shown in FIG. 4. That is, when
R=|R;x|, transfer characteristics provide an extremely
large value, as follows:

Vin/V=— (3)
wherein the transfer characteristics greatly change in
correspondence with changes in R;;, when RE= |R,|.
In this case, input resistance R;, (== —hgeXR) varies in
correspondence with a variation in hgg of transistors Q1
and Q2 in the differential amplifier circuit, and hence
the above transfer characteristics change greatly.
Therefore, if R;, of the differential amplifier circuit is
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—2 k{), and the differential input terminals of the differ-
ential amplifier circuit are connected to a pair of output
terminals of a signal source having a resistance substan-
tially corresponding to R;=2 k{}, e.g., a Hall element of
a Hall motor, signal source voltage V;cannot be trans-
ferred, as input voltage V,;, with its amplitude kept
substantially unchanged.

SUMMARY OF THE INVENTION

It i1s an object of the present invention to provide a
differential amplifier circuit which is scarcely affected
by a variation in negative input resistance, and can be
stably operated by an input voltage substantially equal
to a signal voltage supplied from a signal source having
a relatively low signal source resistance.

In order to achieve the above object of the present
invention, there is provided a differential amplifier cir-
cuit comprising a pair of differential input signal termi-
nals; first and second current output terminals; first and
second emitter follower circuits whose input terminals
are respectively connected to the pair of differential
input signal terminals; a first transistor whose base and
collector are respectively connected to an output termi-
nal of the first emitter follower circuit and the first
current output terminal; a second transistor whose base
and collector are respectively connected to an output
terminal of the second emitter follower circuit and the
second current output terminal; a third transistor whose
collector and base are respectively connected to emit-
ters of the first and second transistors; a fourth transistor
whose collector and base are respectively connected to
the emitters of the second and first transistors; first and
second resistors; and a constant current source circuit
connected to emitters of the third and fourth transistors
via the first and second resistors.

According to the present invention, since emitter
follower circuits are arranged in the input stages and an
absolute value of the negative input resistance is set to
be large, even if a signal source having a low signal
resistance is used, the differential amplifier can be stably
operated without being greatly affected by a variation
in negative input resistance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a circuit diagram of a conventional differen-
tial amplifier circuit having a negative input resistance;

FIG. 2 shows voltage-current characteristics of the
differential amplifier circuit in FIG. 1;

FIG. 3 1s a circuit diagram schematically showing
electrical connections between a signal source having a
low internal resistance and the differential amplifier
circuit in FIG. 1;

FIG. 4 i1s a graph showing transfer characteristics of
the circuit in FIG. 3;

FIG. § 1s a circuit diagram of a differential amplifier
circuit according to an embodiment of the present in-
vention; and

FIGS. 6 to 8 are circuit diagrams showing modifica-
tions of the differential amplifier circuit in FIG. 5.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

An embodiment of the present invention will be de-
scribed with reference to the accompanying drawings
in detail hereinafter.

FIG. § shows an integrated differential amplifier
circuit. The differential amplifier circuit includes a pair
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of differential input terminals 11 and 12, NPN input
transistors Q5 and Q6, whose bases are respectively
connected to differential input terminals 11 and 12, and
whose collectors are connected to power source node
Ve, and current source circuits 13 and 14 respectively
connected to the emitters of transistors Q5 and Q6.

Transistor Q5 and current source circuit 13, and transis-

tor Q6 and current source circuit 14 constitute emitter
followers 15 and 16, respectively. The collector of NPN

transistor Q1 is connected to current output terminal 17,
while the base of transistor Q1 is connected to the emit-
ter of transistor Q5. The collector of NPN transistor Q2
is connected to current output terminal 18, while the

base of transistor Q2 is connected to the emitter of

transistor Q6. The emitters of transistors Q1 and Q2 are
connected to the collectors of NPN transistors Q3 and
Q4. The base and collector of transistor Q3 are con-
nected to the collector and base of transistor Q4, respec-
tively. The emitters of transistors Q3 and Q4 are con-
nected to constant current source circuit 19 via resistive
elements RE1 and RE2 each having resistance RE.

In the differential amplifier circuit with the above-
described arrangement, transfer characteristics in a low
input signal range substantially correspond to those
shown in FIG. 2, but input resistance R;, is expressed as

follows:

Rin=—hrE2 X RE (4)
where hgr represents a current amplification factor of
each of transistors Q1, Q2, Q5, and Q6. Accordingly,
the absolute value of R;, in equation (4) is hgg times the
Rz (= —hreXRE) in equation (1) without changing its
negative polarity. -

Therefore, if hpe=100 and RE=20 2, R;;=—200
kQ. If the differential amplifier circuit is connected to a
signal source having positive signal source resistance R;
of a relatively low value (e.g., 2 k{2), the transfer char-
acteristics are:

Thus, input voltage V;, substantially equal to signal
source voltage V;can be obtained. In this case, even if
input resistance R;, is negative, the transfer characteris-
tics will not greatly change as compared with the con-
ventional case, and are scarcely affected by a variation
in R;; caused by a variation in hgg, because an absolute
value of Rj, is sufficiently larger than signal source
resistance R.. |

Note that the present invention 1s not limited to the
above-described embodiment, but various changes and
modifications can be made. For example, NPN transis-
tors Q1, Q2, Q3, and Q4 in FIG. 5 may be replaced by
PNP transistors Q1’, Q2’, Q3’, and Q4', while the polari-
ties of input voltage V;, between differential input ter-
minals 11 and 12 may be reversed, as shown in FIG. 6.
Further, NPN transistors Q3 and Q6 in FIG. § may be
replaced by PNP transistors Q5’ and Q6’, while polari-
ties of input voltage V;, between differential input ter-
minals 11 and 12 may be reversed, as shown in FIG. 7.
In the circuit shown in FIG. 6, if current amplification
factors of transistors QS5 and Q6 used for emitter follow-
ers, and transistors Q1' and Q2' used for input are re-
spectively represented by hrg and hgg', then R;= —A-
FeXhre' X RE. Accordingly, in the circuit shown in
F1G. 7, if the current amplification factors of transistors
Q5’ and Q6 used for the emitter followers, and input
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4

transistors Q1 and Q2 are respectively represented by
hrr’ and hrg, then Ripn=—hrg X hreX RE.

Note that NPN transistors Q1 to Q4 may be replaced
by PNP transistors, as shown in FIG. 8, while the polar-
ities of the power source may be reversed.

What is claimed is:

1. A differential amplifier circuit comprising;:

a pair of differential input signal terminals;

first and second current output terminals;

first and second emitter follower circuits whose input

terminals are respectively connected to said pair of

differential input signal terminals;

a first transistor whose base and collector are respec-
tively connected to an output terminal of said first
emitter follower circuit and said first current out-
put terminal;

a second transistor whose base and collector are re-
spectively connected to an output terminal of said
second emitter follower circuit and said second
current output terminal;

a third transistor whose collector and base are respec-
tively connected to emitters of said first and second
transistors;

a fourth transistor whose collector and base are re-
spectively connected to the emitters of said second
and first transistors;

first and second resistive means; and

a constant current source circuit connected to emit-
ters of said third and fourth transistors via said first
and second resistive means.

2. A differential amplifier circuit according to claim
1, wherein said first and second resistive means are each
formed of a resistor having the same resistance.

3. A differential amplifier circuit according to claim
2. wherein said first to fourth transistors are each
formed of an NPN transistor.

4. A differential amplifier circuit according to claim
3, wherein said first emitter follower circuit includes a
first current source and a fifth transistor whose emitter
is connected to the base of said first transistor and to
said first current source and said second emitter fol-
lower circuit includes a second current source and a
sixth transistor whose emiiter is connected to the base
of said second transistor and to said second current
source, the bases of said fifth and sixth transistors being
connected to said pair of differential input signal termi-
nals and the collectors of said fifth and sixth transistors
being connected to a power source terminal.

5. A differential amplifier circuit according to claim
4, wherein said fifth and sixth transistors are each

formed of an NPN transistor.

6. A differential amplifier circuit according to claim
4, wherein said fifth and sixth transistors are each
formed of a PNP transistor.

7. A differential amplifier circuit according to claim
2, wherein said first to fourth transistors are each
formed of a PNP transistor.

8. A differential amplifier circuit according to claim
7, wherein said first emitter follower circuit includes a
first current source and a fifth transistor whose emitter
is connected to the base of said first transistor and to
said first current source and said second emitter fol-
lower circuit includes a second current source and a
sixth transistor whose emitter is connected to the base
of said second transistor and to said second current
source, the bases of said fifth and sixth transistors being
connected to said pair of differential input signal termi-
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8, wherein said fifth and sixth transistors are each

nals and the collectors of said fifth and sixth transistors formed of an NPN transistor.
10. A differential amplifier circuit according to claim
being connected to a power source terminal. 8, wherein said fifth and sixth transistors are each
5 formed of a PNP transistor.

9. A differential amplifier circuit according to claim L I I
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